SUMMARY We report 6 children who showed clinical symptoms and laboratory signs of acute pyelonephritis but in whom bacteriuria was insignificant, with Escherichia coli 10 /ml, or less. None of the children had symptoms of other disease. Three of the children who were at first treated inadequately or were not treated with antibiotics developed significant bacteriuria later on (105/ml, or greater). Ultrasonic scanning to evaluate kidney involvement at the acute phase of disease showed transient changes in four of the 6 children-dilatation of one or both pelves or increased ecogenicity of the renal sinus, or both. The urinary E coli strains isolated from all 6 children were P-fimbriated, as determined by a P-fimbriae specific particle agglutination test (PPA test). P-fimbriated E coli are known to be strongly associated with acute non-obstructive pyelonephritis in children and we suggest that the finding of any number of P-fimbriated E coli in the urine of children with clinical evidence of acute pyelonephritis supports this clinical diagnosis. 
Urinary tract infection (UTI) is routinely diagnosed by the finding of appreciable numbers of bacteria in unne specimens. In his original report on bacteriuria in adults, Kass clearly pointed out that the commonly used value of 105 organisms/ml urine is a statistically defined limit only, and that urinary tract infections may exist where there are lower urinary bacterial counts.' Recently Stamm et a12 found by bladder aspiration that about 50% of women with symptomatic lower urinary tract infections had bacterial counts less than 105/ml urine. Earlier, Andersen et al3 using indirect evidence for urinary infections such as presence of high anti Escherichia coli antibody titres and lowered renal concentration capacity, suggested that symptomatic febrile urinary tract infections in children may also be associated with low counts of bacteria in urine. During the first month of life clinical symptoms may precede considerable bacteriuria by several days. 4 Since a clinical diagnosis of UTI with low urinary bacterial counts sometimes occurs there is a need for laboratory methods that can support the clinical diagnosis. We have previously shown that more than 90% of acute, first time, non-obstructive episodes of pyelonephritis in children are caused by P- 102 fimbriated E coli.5 P-fimbriae enable the bacteria to adhere to uroepithelial cells by specific recognition of cellular receptors containing the a-D-galactose-
(1-4)-p-D-galactose carbohydrate structure.6 p_ fimbriated bacteria were also found to dominate the faecal flora of the diseased children.5 In healthy controls P-fimbriated bacteria are the dominating E coli strain in less than two percent.5 The finding of P-fimbriated E coli in faeces of children with suspected urinary tract infection thus supports this diagnosis.
We report on the use of a newly developed test, the P-fimbriae-receptor specific particle agglutination test (PPA test),7 for P-fimbriated E coli in patients with suspected clinical pyelonephritis but with low urinary bacterial counts. In addition to the conventional clinical evaluation of the children, ultrasound scanning of the upper urinary tract was performed in each patient at the acute phase of disease.
Patients and methods
Patients. Six children, aged between 6 months and 4½/2 years, with clinical signs of upper urinary tract infection, were examined. Initially attention was directed to two girls (cases 1 and 2) who had clinical symptoms that suggested pyelonephritis (case 1 with fever and loin pains, leucocyturia, and raised concentrations of C-reactive protein (CRP) and case 2 with fever of one week's duration and a raised erythrocyte sedimentation rate (ESR)). The initial urine specimens obtained from these girls were, however, judged to be insignificant with E coli <103/ml.
These two index cases caused us to study children with clinical evidence of pyelonephritisthat is fever without symptoms of any other concurrent infection, raised CRP (>0.12 mg/l) and leucocyturia (>20 white blood cells/high power field), but with low bacteria counts in their initial urine specimens (bacteria 6104/ml). During a three month period we found four more girls who fulfilled these main criteria.
Microbiological examinations. Urine specimens were collected after careful washing of the external genitalia, and were immediately subjected to dipslide culturing. Parallel culturing was done using the standard loop technique. Faecal samples from four of the children were examined bacteriologically. Colonies of enterobacteriacea were typed biochemically by the API 20E system (API Systems, France).
All E coli strains were recultivated on CFA a`,ar8
and tested for P-fimbriation by the PPA test.
Ultrasound examination. A Technicare Autosector 1, real time mechanical sector scanner was used to visualise the kidneys. Scanning was performed with 5-0 or 7-5 MHz transducers, depending on age of the child. The highest frequency transducer that would penetrate adequately to define the kidney in each position was used. The examinations were performed with the children in supine and prone positions. In supine position the liver was used as an acoustic window to visualise the right kidney, and the left kidney was approached from the flank by scanning through the spleen. In the prone position the kidneys were scanned with transducer parallel or at right angles to the vertebral column.
Several sections of the kidneys were examined in both longitudinal and transverse planes to determine: (1) the width of pelvis and calyceal system, (2) the ecogenicity of the renal sinus, and (3) the ecogenicity of the renal cortex of the right kidney, which was compared in each case with the ecogenicity of the liver parenchyma.9 These three ultrasonic assessments of the kidneys were graded twice and independently double blind as normal or increased.
Results
The two index patients (cases 1 and 2) presented with clinical and laboratory signs of pyelonephritis. Their initial urine specimens, however, showed E coli values of only 102 and 103/ml respectively. Since we know from previous studies that pyelonephritis in the young child is most frequently caused by P-fimbriated E coli, we typed the bacteria from these two samples for P-fimbriation by the PPA test, and both urinary isolates of E coli turned out to be P-fimbriated.
As a result of these two index cases we decided to study a series of children who showed low bacterial counts of E coli in their urine and who displayed clinical signs of acute pyelonephritis-fever, leucocyturia, and raised CRP-with no signs of other concurrent disease. During the period 1 January to 31 March 1983 there were four children who met these criteria (Table 1 ) and in all of whom the urinary isolates were P-fimbriated E coli. In addition to the routine clinical investigations the children's kidneys were examined by ultrasound. Four of the 6 showed transient abnormal findings, either unilaterally or bilaterally (Table 2 ). Below we give brief descriptions of each case. Case 3. A one year old girl had fever (40°C) and vomited for one day, She had leucocyturia (>50 wbc/hpf) and her CRP was raised (28 mg/l). Routine bacteriological examination showed scanty growth of what was judged to be mixed bacterial flora with organisms <104/ml. The dipslide, however, showed E coli 103/ml urine, and these were found to be P-fimbriated. Treatment with co-trimoxazole was started before the results of the routine bacteriological analyses were presented. Ultrasound examinations of the kidneys during the acute phase of the disease showed an increased ecogenicity which had become normal by the next examination 8 weeks later.
Case 4. This girl was aged 7 months. Her twin sister had acute pyelonephritis at the age of 3 months with P-fimbriated E coli and, in spite of prophylaxis with nitrofurantoin, she had a febrile recurrence of UTI with P-fimbriated E coli at the age of 7 months. At the same time our patient had fever (40°C) but no other symptoms were seen. On the third day after the onset of fever, urine analysis showed leucocyturia (> 50 wbc/hpf) and dipslide showed two colonies of E coli (10 /ml) which were P-fimbriated.
No treatment was started at this point. On the fifth day, she was still febrile, her CRP value was raised (22 mg/l), and she had leucocyturia (> 50 wbc/hpf). At this time, she was given co-trimoxazole. Urine cultures and dipslide tests showed P-fimbriated E coli 105/ml urine and her faecal flora was dominated by P-fimbriated E coli. Ultrasound examination performed on day five was considered normal, as was subsequent urography but micturition cystography showed bilateral reflux grade II.
Case 5. A girl aged 1 year had a short period of diarrhoea and vomiting after which she was febrile for some days. At presentation, she had leucocyturia (> 50 wbc/hpf) and her CRP value was raised (36 mg/l). Upper UTI was suspected and treatment with co-trimoxazole was started. Urine samples obtained before treatment showed low numbers of bacteria (E coli 103/ml) and the treatment was interrupted after two doses. The E coli strain isolated in low counts was later analysed and turned out to be P-fimbriated. Three days later, she had bacterial counts of > 106/ml urine with P-fimbriated E coli and treatment was promptly reinstituted. Her faecal flora was also predominantly P-fimbriated E coli. Ultrasound examinations showed a slight dilatation of the left pelvis, which had subsided at follow up 7 weeks later.
Case 6. A 10 month old girl who had had recurrent episodes of short lasting fever with no other symptoms for three months presented at the clinic. Her urine specimen showed no bacterial growth as assayed by the standard loop technique but another examination on the third day after presentation showed a high CRP value (36 mg/l) and leucocyturia (>50 wbc/hpf). Urine culture as well as dipslide showed P-fimbriated E coli (104/ml). Treatment with co-trimoxazole was started before the routine bacteriological results were obtained. P-fimbriated E coli were dominant in the faecal sample. Ultrasound examination performed on day 11 after presentation was normal as were urography and micturition cystography examinations, performed 6 weeks later.
Discussion
We have described 6 The E coli strains found in the urine of all 6 children investigated here were all P-fimbriated. P-fimbriated E coli are found in the urine and as the predominating enterobacteriaceae species in faeces of more than 90% of children with their first acute pyelonephritis.5 By contrast P-fimbriated E coli occur on much lower frequencies in faeces of healthy children.5 Thus, the finding of P-fimbriated E coli in the urine of all 6 children studied here suggests that they were true cases of upper UTI.
During a three month period in this hospital clinic, 4 children were identified with clinical symptoms of acute pyelonephritis but with low bacterial counts of P-fimbriated E coli in their urine. This compares with the finding during the same period and in the same clinic of 17 children with acute non-obstructive pyelonephritis and bacteriuria 105/ml at presentation. In these children also, all but one of the infecting urinary strains were identified as P-fimbriated E coli. Thus 
